Background and Methods. A small percent-
age of paﬂen\s infected with Borrelia burgdorferi have
'_dwonchymeartfwiﬂsmatdoesnotrespondtoanubiot
I therapy. To leam whether genetically determined vari-
> ations in the host immune response might account for
." such outcomes, we determined the immunogenetic pro-
. .3 fles of 130 patients with various manifestations of Lyme

Results OﬂheBOpauentswithanhﬁbs 57 percent of

** those with chronic arthritis (12 to 48 months in duration)

" had the HLA-DR4 specificity; only 23 percent of those with
. arthritis of moderate duration (6 to 11 months) and only

-- @ percent of those with arthritis of short duration(1 to 5

months) had this specificity (P = 0.003). After the HLA-

- DR4-positive patients were exciuded from each group, a
association was noted with HLA-DR2, which
was found in 75 percent of the remaining patients with
d\mnicaMnﬁsandinSOpercentofmosewimaMdusof

YME disease, which is caused by the tick-borne
spirochete Borrelia burgdorferi, often begins with a
charal:tmsUC skin lesion, erythema migrans, and is
eommonly followed by neurologic, cardiac, or joint

-abnormalities ‘of variable duration.! The mvolvcmcnt

¢ of the joints, which is. scen in about 80 percent of
patlcnts, often begins with migratory joint pain and
" 18 frequently followed months later by brief attacks
. of oligoarthritis.? During the second and third years
of illness, the episodes of arthritis may last longer,
and in about 10 percent of patients joint involvement
becomes chronic, sometimes with erosion of carti-
lage and bone.2® The synovial lesions in such patients
are similar to those seen in the other types of chron-
ic inflammatory arthritis, including rheumatoid ar-
thrms 43 In patients who later have arthritis, B. burg-
?robably spreads to the joints early..in the
xllmss, but the fact that only a small percentage
- have chronic arthritis suggests that host factors
. determine the severity and duration of arthritis.
Lyme arthritis can usually be treated successfully
with " antibiotic therapy.%’ However, regardiess of
the antibiotic used and the number of courses given,
" in some patients the arthritis does not respond to
treatment.

Susceptibility to a number of discases with auto-
immune features is associated with HLA specificities
encoded by certain Class II, D-locus alleles of the
major histocompatibility complex. The Class II mole-
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moderate duration, but in only 20 percent of those with
arthritis of short _duraﬁon (P = 0.023), Altogether, 25 of the
28 patients with chronic arthritis (89 percent) had HLA-
DR2 or HLA-DR4, or both, as compared with 27 percent of
those with arthritis of short duration (relative risk, 22;
P = 0.00006). These HLA specificities appeared to act
ds independent, dominant markers of susceptibllity. Nu-
cleotide-sequence typing, performed in five patients with
chronic arthritis, identified the HLA-DR2 allele as Dw?2
(DRB1#1501), and the HLA-DR4 alleles as Dw4, Dw14,
and Dwi3 (DRB1*0401, DRB1%0404, and DRm *0403,
respectively). The presence of HLA-DR4 in patients with
arthritis was associated with a Iack of response to antibiot-
ic therapy (P = 0.01).

Conclusions. Particular Class (| major histocompatibil-
ity genes determine a host immune response to B. burg-
dorferi that résuits in chronic arthritis and lack of response
to antibiotic therapy. (N Engl J Med 1990; 323:219-23.)

cules, expressed primarily on B cells and macro-
phages, bind and present antigen to T helper cells,
which then initiate an immune response against these
antigens. Genetic variations in the structure of Class
IT molecules are thought to influence the development
of autoimmune responses, either by determining the
type and manner of antigen binding or by influencing
the composition of the T-cell repertoire in the develop-
ment of self-tolerance during thymic maturation.

In an early study of 10 patients with chronic Lyme
arthritis, 7 had HLA-DR2, and 4 had HLA-DR4.®
suggesting that the chronic joint involvement of this
infectious disease might have an immunogenetic basis.
To examine this hypothesis further, we determined
the immunogenetic profiles of 130 patients with var-

-ious manifestations of Lyme discase. -

METHODS
Selection of Patients

In 1983, in the first phase of the study, we selected 75 patients
who had had skin, neurologic, or joint manifestations of Lyme dis-
ease for immunogenetic testing. Among them, 30 patients had had
erythema migrans but no other manifestations of the illness; 20
patients had had Lyme meningitis, sometimes accompanied by cra-
nial neuritis or radiculoneuritis; and 25 patients had had brief or
prolonged ‘episodes of Lyme arthritis. These groups included most
of the patients we had scen in these categories who had not been
treated with andbiotic therapy. From January 1985 through June
1987, in the second phase of the study, we tested all 55 patients with
Lyme arthritis scen at Yale University at the time of their entry into
a study of antibiotic treatment. The patients with arthritis were
subdivided into three groups according to the length of the longest
period of continual joint involvement — those who had arthritis of
short duration (1 to 5 months), those who had arthritis of moderate
duration (6 to 11 months), and those who had chronic arthritis (12

~ to 48 months). The study was approved by the Human Investiga-

tions Committee of Yale University, and informed consent was
obtained from each patient.

All the patients in both phases of the study were white and came
from five states along the northeastern coast of the United States.
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Their ages ranged from 7 to 72 years (median, 34); 72 were male,
and 58 female. All had elevated titers of serum IgM or 1gG anti-
body to B. burgdorferi, measured as previously described.™" For
comparison, we studied 86 normal subjects, 53 men and 33 women,
ranging in age from 18 to 54 years {median, 31), at the New York
University Medical School. These subjects underwent HLA typing
at the same time and with use of the same reagents as the patients
with Lyme disease. ’

RLA-Typing Procedures

The HLA-A, B, C, DR, and DQ specificitics were identified by
standard lymphocyte-microcytotoxicity testing'' with use of a panel
of local and exchanged alloantiserums.” In five patients with
chronic Lyme arthritis who were typed as HLA-DR# or HLA-DR2,
the complementary DNA of the DR 8 chain was sequenced: In
these patients, 5 pug of total RNA was isolated from peripheral-
blood mononuclear cells, and first-strand synthesis of complemen-
tary DNA was carried out with use of reverse transcri in the
presence of primers (5, codons —12 to —6; 3', codons 105 t0 112).**
After the addition of Tag polymerase, 25 cycles of polymerase-
chain-reaction amplification were performed in 2 DNA thermal
cycler (Perkin-Elmer—Cetus), as previously described.'* The ampli-
fied product was runon a gel, and the appropriate band was cloned
into the plasmid pUCI8 using Sstl and Smal restriction-enzyme
sites. After transfection of XL1-blue Escherichia coli, 10 to 50 colonies
with inserts were selected and grown. The constructs were charac-
terized first by restriction-enzyme digestion and then sequenced by
the dideoxy method."*

Statistical Analysis

For statistical analysis, the comparisons of HLA types in patients
or normal subjects were made in two-by-two tables, from which the
odds ratios were calculated. We have expressed the odds ratios in
terms of the relative risk, as is customary in this field. The statistical
significance of the relative risk was calculated by Fisher's exact test
(two-tailed). In an attempt to nullify the possibility of chance asso™

ciation with a given allele, P values were multiplied by the number *

of specificities tested at each locus: seven for DR and three for DQ.

REesuLTts

Of the 75 sclected patients with different manifesta-
tions of Lyme discase whom we tested in the first
phase of the study, the frequencies of HLA-A, B, C,
and D specificities in those with erythema migrans
alone, meningitis, or arthritis were similar to those in
the 86 normal subjects. However, when the group with
joint involvement was stratified according to the dura-
tion of arthritis, 4 of the 9 patients with chronic arthri-
tis (44 percent) but none of the 16 patients who had
had shorter periods of arthritis had the HLA-DR4
specificity. In order to increase the size of the arthritis
group and to avoid selection bias, we next tested all 55
patients with Lyme arthritis whom we saw during a
subsequent 1Y2-year period, at the time of their entry
into antibiotic-treatment studies. In this larger, inde-
pendent, unselected series, the frequency of HLA-
DR4 was again increased in the 19 patients with
chronic arthritis as compared with the 36 patients
with shorter episodes of arthritis. Since the results
from both phases of the study were similar, they are
presented together here. - )

Immunogenetic Profiles of Patients with Lyme Arthritis

Among the 80 patients in both groups who had
Lyme arthritis, the HLA-DR4 specificity was found in
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57 pereeiit of those with chronic arthritis (of 12 to 48
months’ duration), in 23 percent of those with arthri-
tis of moderate duration (6 to 11 months), and in only

-9 percent of those with arthritis of short duration (1 to

5 months) (Table 1). Therefore, the frequency of
HLA-DR4 was significantly greater in patients with
chronic arthritis than in those with arthritis of short
duration (57 percent vs. 9 percent; relative risk, 13;
P<0.003) or the normal subjects (57 percent vs. 3]
percent; relative risk, 3; P<0.01). All 16 patients with
chronic arthritis who had HLA-DR4 were heterozy-
gous at the DR locus. Five had HLA-DR4 and HLA-
DR3, four had HLA-DR4 and HLA-DR?2, three had

" HLA-DR4 and HLA-DR1, and the remaining four

had HLA-DR#4 in association with a different DR
specificity.

A sccondary association was noted with the HLA-
DR2 specificity. This specificity was found in 43 per-
cent of the patients with chronic arthritis and in
40 percent of those with arthritis of moderate dura-
tion, but in only 18 percent of those with arthritis
of short duration (Table 1). Among patients with ar-
thritis of moderate duration, the frequency of HLA-
DR2 was higher than that of any other specificity,
including HLA-DR4. After the exclusion of the HLA-
DR4—positive patients in’ each group, the frequency
of HLA-DR2 was significantly higher among the
remaining patients with chronic arthritis than among
those with arthritis of short duration (75 percent
vs. 20 percent; relative risk, 12; P = 0.023) or the
normal subjects (75 percent vs. 36 percent; relative

risk, 5; P =0.02). Taken together, 25 of the 28"

patients with chronic arthritis had HLA-DR2, HLA-
DR4, or both, as compared with only 6 of the 22 pa-
tients with arthritis of short duration (89 percent vs.
27 percent; relative risk, 22; P = 0.00006). Among
the remaining three patients with chronic arthritis,
two had HLA-DRI1 alone, and one had HLA-DRS and
HLA-DR7.

During the second phase of the study, it was also
possible to test for HLA-DRw52 and DRw53 and for
the DQ specificities. Fourteen of the 16 patients with
arthritis of short duration (88 percent) had- HLA-
DRw52, which is associated with HLA-DR3, -5, -w6,
and -8; no patient with chronic arthritis had HLA-
DRw6. In the above analysis, these specificities were
independently associated with a lack of susceptibility
to chronic arthritis. The frequency of HLA-DRw52
was significantly higher among patients with arthritis
of short duration than among those with chronic ar-
thritis (88 percent vs. 37 percent; relative risk, 0.05;

P = 0.003) or those with arthritis of moderate dura--

tion (88 percent vs. 40 percent; relative risk; 0.1;

P = 0.005) (Table 1). In contrast, the frequency of

HLA-DRwS53, which is associated with HLA-DR4, -7,

and -9, tended to be higher among those with chronic:

arthritis, but this difference was not statistically ugmf:

icant — presumably because of the negative assocl-.

ation of HLA-DR7 with chronic arthritis. The fre-
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+ Table 1. Frequency of HLA-DR Specificities in 8D Patients with
tﬁ Lyme Arthritis and 86 Normal Subjects.
. od —————

- . " Nomstar ‘

. SrscwcITY (N = 86) DuURATION OF Lysz ARTHRITIS®

b, ° SMORT  MODERBATE  CHRONK

;- (N=2) (N = 30) (n = 28)

: . percent
HLA-DRI 29 18 20 21
HLA-DR2 26 18 40 43
¢ HLADRI 17 3 i3 24
P HLA-DR4 3l 9 23 s

HLA-DRS 28 32 20 14
HLA-DRw6 10 18 10 0

© HLA-DR? 2 18 7 11

" HLADR2ox - 53 27 63 892

. HLA-DR4
HLA-DRwS2 62 88§ 40 37
HLA-DRwS3 52 k) 50 68
HLA-DQw1 56 [ 60 53

* HLA-DQw2 30 38 20 32

" HLA-DQw3 2 63 55

o

*For the HLA-DRWS2 and -w$3 and HLA-DQ specificities, the mumbers testod were as
. follows: short ducation, m = 16; moderase durstion. a = 20; chroaic, & = 19.
% 9. 0,003 for the comparison b paticats with chronic arthritis and those with arthi-
2 "s of short durstion; P = 0.1 for the comperison between patients with chwonic arthritis and
+ normal subjects. )
4., 38 = 0.00006 for the comparison between patients with chronic arthritis and those with
& arthritis of short durstion; P = 0.002 for the comparison between patients with chronic arthritis
and sormal subjects.

$P = 0.003 for the comparison between patients with srthritis of short duration and those
with chronic arthitis; P = 0.005 for the comparison b patients with arthitis of short
duration and those with arthritis of moderate durstion.
. %P = 0.003 for the parison b peti with chronic arthritis and normal subjects.

quency of HLA-DQw3, which is associated with
HLA-DR# and -5, was higher in each group of pa-
tients with arthritis than among the normal subjects,
but the differences were statistically significant only
for patients with chronic arthritis as compared with
normal subjects (74 percent vs. 32 percent; relative
risk, 6; P = 0.003).

The frequencies of the HLA-A, B, and C specific-
ities were not significantly different among the three
‘groups of patients with Lyme arthritis. Of the 80

/patients, 4 had HLA-B27, 3 of whom had chron-

ic arthritis, but none had other manifestations of
-Reiter’s syndrome or sacroiliitis. HLA-B7, a speci-
ficity that cross-reacts with HLA-B27, was found in
43 percent of the patients with chronic arthritis and
in 37 percent of those with arthritis of short du-
ration.

Nucleotide-Sequence Typing

To identify the alleles encoding the HLA-DR4
or DR2 specificity, we sequenced the genes that de-
termine these specificities in five selected patients
with chronic arthritis (Table 2). Three patients
had the HLA-Dwl4 or Dw4 allele (DRB1*0404 or
DRpB1%0401) encoding the DR4 specificity. A fourth
patient had the HLA-Dwl3 allcle of DR4
(DRB1*0403), but he also had the HLA-Dw? allele of
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DR2 (DRB1*1501). The fifth patient also had the

. HLA-Dw? allele of DR2.

DR Phenotypes and Response to Treatment

Of the 80 patients with Lyme arthritis, 60 were
treated for their arthritis with antibiotic therapy. In 22
of the 60 patients, designated as responders, the ar-
thritis improved during treatment and resolved com-
pletely within three months. The remaining 38 pa-
tients, classified as nonresponders, did not improve
during treatment and continued to have joint involve-
ment for more than three months thereafter. The age
and sex of the patients, the duration of arthritis
before treatment, and the antibiotics given were
similar in the two groups. Of the 22 HLA-DR4-
positive patients who were treated with antibiotics,

. the arthritis responded to treatment in only 2 (Ta-

ble 3). Only the presence of HLA-DR4 was sig-
nificantly associated with the failure of treatment
(P = 0.01).

DiscussioN

These results provide evidence that chronic Lyme
arthritis has an immunogenetic basis involving the
HLA-DR¢4 specificity and, secondarily, HLA-DR2.
Although 25 of the 28 patients with chronic arthritis
had HLA-DR4 or DR2, only 3 had both. This is ap-
progimately the number that would be expected on
the basis of the estimated gene frequencies in these
patients. This similarity suggests that HLA-DR4 and
DR2 alleles act as independent, dominant markers of
susceptibility and that the presence of both does not
confer additional risk. .

Several European studies have also found an asso-
ciation betweert HLA-DR2 and DR4 and certain other
manifestations of Lyme disease. In Czechoslovakia,
in a study of 32 patients with meningopolyneuritis,
56 percent had HLA-DR2, and 46 percent had
HLA-DR4." In Vienna, of 22 patients with acroder-
matitis, 52 percent had HLA-DR2.'* However, in
two other European studies, the frequency of HLA-
DR2 or DR4 was not increased in patients with
meningopolyneuritis or acrodermatitis.'”'® Borrelial
encephalomyelitis, a newly described late neurolog-
ic manifestation of Lyme disease,' may resemble
multiple sclerosis, which is also associated with an
increased frequency of HLA-DR2.% It is not yet

Table 2. Nucieotide-Sequence Typing of the HLA-DRg Chain in
Five Representative Patients with Chronic Lyme Arthritis.

PaTiENT No. REsuLTs
SEROLOGIC

TYPING NUCLEOTIDE-SEQUENCE TYPING
H DR1.DR4 DR1.Dw4 (DRB140401)
2 DR2.DR4 Dw2,Dwl4 (DRB1*1501.0404)
3 DR3,DR4 DR3,Dwi4 (DRB1*0404)
4 DR2.DR4 Dw2,.Dwi3 (DRB1*1501.0403)
s DR2.DR3 Dw2,DR3 (DRBI*1S01)
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Table 3. Correlation of HLA-DR Spaecificities with the Results of

Resrospers NONRESFONDERS
SeecmcrTy N =2 N = 38)
mwmber (percent)
HLA-DR! e@n T(18)
HLA-DR2 $036 1334
HLA-DR3 4(18) 9024
HLA-DR¢ 209 20 (53)*
HLA-DRS 6 (2D 6(16)
HLA-DRw6 1¢5 41n
HLA-DR? 4(18) 6(16)
HLA-DR2 or HLA-DR¢ 10 (45) 2361
HLA-DRwS2 10 (45) 15 39)
HLA-DRwS3 7(32) 18 (47)
HLA-DQw! 13 (59) 16 (42)
HLA-DQw2 627 . 821
HLA-DQw3 8 (36) 21 (58)
= 0.01 for th warison with the paticats i whom the arthritis sesponded 10 treatment.

known, however, whether encephalomyelitis has an
immunogenetic basis.

It is of great interest that both chronic Lyme arthri-
tis and rheumatoid arthritis are associated with the
presence of HLA-DR4.2! However, only certain sub-
types of HLA-DR4 — those encoded by the Dw4,
Dwl4, and Dw15 alleles — are found in patients with
rheumatoid arthritis, whereas two other subtypes,
HLA-Dw10 and Dwl3, are not.'* The former group
of subtypes differs from the latter primarily by the
presence of negatively charged amino acids at po-
sition 70, 71, or 74 in the third diversity (hypervar-
iable) region of the HLA-DR Bl chain.?"** Rheuma-
toid arthritis has a secondary association with the
presence of HLA-DRI. Since HLA-DRI has the
same amino acid sequence as HLA-Dw4, Dwl4, and
Dw15 in the third diversity region, this unique alpha-
helical structure has been postulated to specify the
molecular basis for susceptibility to rheumatoid ar-
thritis. 2!

Of the five patients with chronic Lyme arthritis in
whom nucleotide-sequence typing was done, three
had the common northern European white HLA-Dw4
or Dwl4 allele, as is found in patients with rheumatoid
arthritis. Although the fourth patient had the HLA-
Dw13 allele, which is not associated with rheumatoid
arthritis, this patient was heterozygous (HLA-DR4,
DR2), and it is possible that the HLA-Dw2 allele
could independently account for his susceptibility to
chronic Lyme arthritis. The fifth patient had only
HLA-Dw2 as the allele putatively responsible for
chronic joint involvement. Although more than one
HLA conformation may be important in chronic
Lyme arthritis, the lack of an association with HLA-
DRI suggests that the conformation of the third diver-
sity region that confers susceptibility to rheumatoid
arthritis is not critical to the development of chronic
Lyme arthritis.

In five of the patients with chronic Lyme arthritis,

. HLA-DR# occurred together with HLA-DRS, a com.

bination that is reminiscent of that seen in insulin-

" dependént juvenile diabetes, in which the relevant

susceptibility structure is thought to be located on
the HLA-DQ molecule.® Arguing against a similar.
ity in the molecular basis of susceptibility to these
two diseases is the increased frequency of HLA.
DR2 in Lyme arthritis and the fact that both of
the patients with Lyme arthritis whom we tested
had the Dw2 allele of HLA-DR2, which is associ-

ated with dominant resistance to insulin-dependent

diabetes.
In patients with Lyme arthritis, only HLA-DR4
was significantly associated with a lack of response to

antibiotic therapy. Since the frequency of treatment
failure was not significantly increased in patients with -
the HLA-DR2 specificity, even after the exclusion of -

HLA-DR4—positive patients from the analysis, it is
possible that the molecular basis of susceptibility
may not be the same for both specificities. A re-
cent report suggested that B. burgdorferi might trigger
Reiter’s syndrome or sacroiliitis, which did not re-
spond to antibiotics, primarily in HLA-B27-positive
patients.? Although 3 of the 28 patients with chronic
arthritis in our study had HLA-B27, none had spon-

dyloarthropathy, and the frequency of this specificity -
was not greater than one would expect in the general .

population.
On the basis of these results, several alternative
mechanisms can be postulated for the development of

chronic Lyme arthritis in genetically susceptible per-
sons. First, the Class II molecules of the HLA-DR4 or <
DR2 haplotype may combine with a distinct arthrito-
genic epitope of B. burgdorferi that has molecular mim-

icry with a component of the host. The interaction of
T helper cells with this major histocompatibility-com-

plex may lead to an autoimmune response that contin-

ues for some time after the organism has been killed.
Second, as a result of thymic selection, the Class IT
molecules may have chosen potentially autoreactive
T-cell clones that can be triggered by a spirochetal
peptide that functions as a superantigen.? Conversely,
during thymic maturation, these patients may have
deleted T-cell clones necessary for the elimination of
the spirochete. They may thus have persistent spiro-
chetal infection accompanied by an ineffective. im-

mune response that causes “bystander” injury to the -

host. Because the causative agent of Lyme arthritis is

known, this disease presents an important opportunity
to determine the molecular interactions among the
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components of B. burgdorferi, specific Class II ma- -
jor histocompatibility molecules, and T-cell receptors

that, in particular untoward combinations, lead to this .-
form of chronic arthritis.
We are indebted to Ms. Joan Feld, Mr. Clinton Peters, Ms. Clatre .
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to Ms. Elise Taylor for her help with the patients.
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